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TERMINAL  AREA  ENERGY  MANAGEMENT 
REGIME  INVESTIGATIONS  UTILIZING  AN  0.030-SCALE  . 

MODEL  (47-0)  OF  THE  SPACE  SHUTTLE  VEHICLE 
ORBITER  CONFIGURATION  140A/B/C/R  IN  THE 
AMES  RESEARCH  CENTER  11x11  FOOT 
TRANSONIC  WIND  TUNNEL  (0A148) 
by 

P.  J.  Hawthorne,  Rockwell  International  Space  Division 
ABSTRACT 

This  report  documents  data  obtained  in  wind  tunnel  test  0A148. 

The  objectives  of  the  test  series  were  to: 

1)  obtain  pressure  distributions,  forces  and  moments  over  the  vehicle 
5 Orbiter  in  the  terminal  area  energy  management  (TAEM)  and  approach  phases 
of  flight. 

2)  obtain  elevon  and  rudder  hinge  moments  in  the  TAEM  and  approach 
phases  of  flight. 

3)  obtain  body  flap  and  elevon  loads  for  verification  of  loads 
balancing  with  integrated  pressure  distributions. 

4)  obtain  pressure  distributions  near  the  short  OMS  po^s  in  the  high 
subsonic,  transonic  and  low  supersonic  Mach  number  regimes. 

Testing  was  conducted  over  a Mach  number  range  from  0.6  to  1.4  with 
Reynolds  number  variations  from  4.57  x 10®  to  2.74  x 10®  per  foot.  Model 
angle-of-attack  was  varied  from  -4  to  16  degrees  and  angles  of  side  slip 
ranged  from  -8  to  8 degrees. 
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NOMENCLATURE 


Symbol 

Plot 

Symbol 

Definition 

Ab 

AB 

total  Orblter  base  area,  ft^ 

Ai 

AI 

area  over  which  acts,  ft^ 

Agb 

ASB 

speed  brake  base  area,  ft^ 

b 

BREF»  BW 

Orblter  wing  span.  In 

by 

BV 

vertical  tall  reference  span.  In 

”u 

CAU 

Orblter  uncorrected  axial  force  coefficient 

CA 

Orblter  axial  force  coefficient  with  sting 
cavity  adjusted  to  average  base  pressure 

^Ap 

CAF 

Orblter  forebody  axial  force  coefficient. 

^Asc 

CASC 

Orblter  sting  cavity  axial  force  coefficient. 

CDu 

CDU 

Orblter  uncorrected  drag  coefficient 

^^’bf 

CHBF 

body  flap  hinge  moment  coefficient,  about 
hinge  line  Xq  = 1532.0 

CHE  I 

Inner  eleven  hinge  moment  coefficient,  about 
hinge  line  Xq  “ 1387.0 

So 

CHEO 

outer  eleven  hinge  moment  coefficient,  about 
hinge  line  Xq  » 1387.0 

‘"'TOT 

CHETOT 

total  right  eleven  hinge  moment  coefficient 

CLU 

Orblter  uncorrected  lift  co-?f1c1ent 

CBL 

Orblter  rolling  moment  coefficient, body 
axis  system 

NOMENCLATURE  (Continued) 


Plot 

Symbol  Symbol 

Cm  CLM 


Cm„  CLMU 


CLMF 


CLMSC 


Definition 


Orbiter  pitching  moment  coefficient  with 
sting  cavity  adjusted  to  average  base  pressure, 
referenced  to  Orbiter  MRC. 

Orbiter  uncorrected  pitching  moment  coefficient 


Orbiter  forebody  pitching  moment  coefficient 
referenced  to  orbiter  MRC. 

Orbiter  sting  cavity  pitching  moment  coefficient, 
referenced  to  Orbiter  MRC 


Cm  CNU 

"u 


Orbiter  uncorrected  normal  force  coefficient 


C|\|  CN  Orbiter  normal  force  coefficient  with  sting 

cavity  adjusted  to  average  base  pressure 


CNp  CNF 


Orbiter  forebody  normal  force  coefficient 


C|\|^^  CNSC  Orbiter  sting  cavity  normal  force  coefficient 


CYN  Orbiter  yawing  moment  coefficient,  body  axis  system 


Cpi  CPi 


surface  tap  pressure  coefficient,  port  i, 

(Pi  - PJ/q 


Cy  CY 


Orbiter  side  force  coefficient 


^[X][Y]  C[X][Y] 


[X]= 


A 

N 

Y 

m 

n 

£ 


A 

N 

Y 

I.M 

YN 

BL 


base  area  force  and  moment  coefficients. 

The  first  subscript  (post  fix)  designates  the 
type  of  coefficient,  the  second  the  pressure 
tap  and  it's  associated  area.  The  symbolic 
vectors  [X]  and  [Y]  are  defined  below. 


axial  force 
normal  force 
side  force 
pitching  moment 
yawing  moment 
rolling  moment 

G 


NOMENCLATURE  (Continued) 


Plot 


Symbol 

Symbol 

Definition 

1.2.3 

4.5,6 

sc 

bf 

1.2.3 

4.5,6 

SC 

BF 

areas  associated  with  pressure  taps 
1 through  6 see  figure  2b 
sting  cavity  area 
upper  body  flap  area 

lb 

LB 

Orbiter  reference  body  length,  IML  nose 
to  Xo  = 1528.3,  In. 

<lREF 

LREF 

longitudinal  reference  length,  Orbiter  mean 
aerodynamic  chord.  In 

LU/DU 

uncorrected  lift  to  drag  ratio,  CLU/CDU 

M 

MACH 

frees tream  Mach  number 

♦ 

PHI 

angular  cylindrical  coordinate  position 
around  Orbiter  body  - deg. 

Pi 

Pi 

pressure  at  surface  tap  i,  PSF 

P« 

P 

freestream  static  pressure,  PSF 

Pt 

PT 

freestream  total  pressure,  PSF 

q 

Q 

freestream  dynamic  pressure,  PSF 

RN/L 

unit  Reynolds  number,  million  per  foot 

s 

SREF 

wing  reference  area,  ft^ 

Tt 

TTR 

freestream  total  temperature,  *R 

Xcp 

XCP/L 

center  of  pressure  location  referred  to  Ijj 

V^-o 

X/LB 

longitudinal  location  of  body  surface, 
fraction  of  body  length 
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NOMENCLATURE  (Concluded) 


S/nibol 

Plot 

Symbol 

Definition 

X/C 

X/CW 

chordwise  location  on  wing  surface, 
fraction  of  local  chord 

X 

o 

< 

X/CV 

chordwise  location  on  vertical  tail, 
fraction  of  local  chord 

r>v 

Z/BV 

spanwise  location  on  vertical  tail, 
fraction  of  vertical  tail  span 

n 

2Y/BW 

spanwise  location  on  wing,  fraction 
of  semi  span 

^mrp 

XMRP 

longitudinal  location  of  moment  reference  point 

XT 

XT 

longitudinal  moment  transfer  distance  from 
Orbiter  balance  center  to  Orbiter  MRC,  In 

Ymrp 

YMRP 

lateral  location  of  moment  reference  point 

Zt 

ZT 

vertical  moment  transfer  distance  from 
Orbiter  balance  center  to  Orbiter  MRC,  in 

a 

ALPHA 

angle  of  attack,  degrees 

3 

BETA 

angle  of  sideslip,  degrees 

^bf 

BDFLAP 

body  flap  deflection,  degrees 

«ei 

ELVN-L, 

L-ELVN 

left  eleven  deflection,  degrees 

^eR 

ELVN-R, 

R-ELVN 

right  elevon  deflection,  degrees 

«r 

RUDDER 

rudder  deflection,  degrees 

^sb 

SPDBRK 

speed  brake  deflection,  degrees 

^mrp 

ZMRP 

vertical  location  of  moment  reference  point 

$$ 

mask  character  used  to  indicate  all 
possible  values  for  this  test  01  through  85 
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REMARKS 


During  the  course  of  the  test  It  was  necessary  to  replumb  the  scani- 
valves.  The  resultant  time  loss  necessitated  deleting  the  priority  4 runs 
which  incorporated  the  use  of  the  metric  vertical  tail. 

Data  obtained  from  pressure  taps  1B4,  296  and  347  are  suspect  due  to 
slow  leaks  noticed  while  leak  checking  individual  model  pressure  taps. 

Body  flap  h*inge  moment  data  for  datasets  RE8001  through  RE8005  have 
a -15% drift  while  datasets  RE8006  and  RE8007  have  a +10%drift  d*  >.ata 
recording  system  errors.  System  checks  during  the  reme  .i.  of  t!ie  test 
indicate  a system  error  of  less  than  4%  for  body  flap  hinge  moment  data. 

Rolling  moment  data  has  an  approximate  -.003  Bias  in  the  coefficient. 
The  roason  for  this  was  not  det::rm)ned,  but  possible  sources  are  fabrication 
tolerances  and/or  differential  stiffness  of  the  left  and  right  elevon 
panels. 

Distortion  of  the  instrumented  elevon  shaft  appears  to  have  occurred 
around  run  310  due  to  model  assembly  difficulties  and  the  maximum  loads  en- 
countered at  these  test  conditions.  A comparison  of  measured  elevon  de- 
flection before  and  after  the  test  with  the  nominal  setting  is  presented 
below; 


Elevon  Panel 

Nominal 

Pre-Test 

Post-Test 

r -10 

-9“  36' 

-8*  55' 

j 

-3®  34' 

-2“  55' 

Inboard  right 

A ° 

+0“  10' 

+1®  02' 

+4°  26' 

+4®  28' 

^ 10 

+10*'32' 

+10®39' 

/-10 

-r  36' 

-8”  15' 

) -4 

-3°  J4'  / ^ 

-2®  20' 

Outboard  right 

"N  0 

+0“  10'  V ^ 

+r  05* 

1 ^ 

+4°  26'  \ 

+3®  59' 

V 10 

fl0°32'  J 

+10®18' 

* Inboard  only 

was  measured  but  was 

the  same  as  outboard  panel (see  1 
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CONFIGURATION  INVESTIGATED 


The  Rockwell  International  model  47-0  Space  Shuttle  Orbiter  Vehicle 
was  utilized  in  this  test  senes.  The  model  was  originially  constructed 
to  -140A/B  lines,  but  was  modified  prior  to  this  test  with  the  addition 
of  the  -140C  OMS  pods,  six  inch  bevelled  interpanel  elevon  gaps  and  un- 
covered RCS  forward  thrustor  parts.  To  denote  these  additions,  the  addi- 
tional designations  “C  (for  -140C  OMS  pods)  end  "R''  (for  RCS  thrustors) 
were  added,  and  the  slashes  deleted  for  convenience  on  Table  Il(designated 
'•-140  ABCR"). 

In  data  sets  RE8069  to  085  the  RCS  thrustor  ports  in  the  nose  were 
filled  reverting  the  configuration  to  -140A/B/C  modified  with  body  Bgg. 

The  following  nomenclature  denotes  the  model  components: 

Component  Description 

B«,  140A/B  fuselage  (VL70-000140A,  VL70000140B) 

140A/B  fuselage  (VL70-000140A,  VL70-000145,  VL70-000140B, 
VL70-000143A,  VL70-000139)  with  RCS  thrustor  parts  (VL70- 
08501,  VL70-n8502,  VL70-08296) 

Cg  140A/B  basic  canopy  (VL70-000140A,  VL70-000143A) 

E..  140A/B  elevons  (VL70-000200,  VL70-006089,  VL70-006092) 

with  six  inch  bevelled  interpanel  gaps,  no  flipper  door 

Fg  140A/B  body  flap  (VL70-000140B,  VL70-000200) 

M^g  OMS-RCS  pods  for  140C  Orbiter 

N2q  OMS  basic  nozzles 

Rg  basic  Orbiter  rudder  (VL70-000146A,  VL70-000095) 

Vg  basic  Orbiter  vertical  tail  (VL70-000140A,  VL70-000146A) 

basic  140A/B  wing  (VL70-000140B,  VL70-000200) 


CONFIGURATIONS  INVESTIGATED  (Concluded) 


Designated  configurations  are: 

-140ABCR  : Cg  Egg  Fg  M,g  Ng,  Rg  Vg  W„  g 

-.40  ABC  S Bgg  Cg  Egg  Fg  H, g Ngg  Rg  Vg  W„  g 


TEST  FACILITY  DESCRIPTION 


The  Ames  Research  Center  Un*!tary  Plan  11-  by  11 -Foot  Transonic  Wind 
Tunnel  Is  a closed-circuit,  air-medium,  variable-density  facility  capable 
of  attaining  Mach  numbers  from  0.6  to  1.4  at  Reynolds  numbers  from  1.7  x 
10^/ft  to  9.4  X 10®/ft.  The  test  section  Is  22  feet  long,  and  models  are 
Installed  on  Internal  strain-gauge  balances  mounted  to  sting-type  support 
systems. 

Shadowgraph  and  Schlleren  photographic  equipment  Is  available,  ar^l 
pressure  transducer  Instrumentation  Is  provided. 

Tunnel  operating  tonperature  Is  580®R.  Extended  high  Reynolds  number 
runs  are  restricted  by  power  availability. 


\ 
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DATA  REDUCTION 


Standard  NASA/ Ames  data  reduction  equations  were  v-^ed  to  reduce 
forces,  moments,  and  pressures  to  coefficient  form.  Orbiter  main  balance 
force  and  moment  coefficients  were  computed  using  the  following  equations: 


Symbol 


Orbiter  main  balance  measurement 

Normal  Force 
Axial  Force 
Pitching  Moment 
Yawing  Moment 
Side  Force 
Rolling  Moment 


CAu  = AF  / (q  S) 
= NF  / (q  S) 

Cy  = SF  / (q  S) 


cos  a sin  a 
^°u  * ^Nu  cos  a 


- PM  . ^A  • ^T  ^N  * ^T 


Cm  » + 

X qSc 


c,  .BM  . £l4Ji 


r - YM  Cy  • XT 
■ ?b B— 


Moment  Transfer  Distances 

Xy  = 0.572  In. 

Yy  = 0 

Zj  = 0.450  In. 


The  Moment  Reference  Center  about  which  the  data  was  reduced  Is 


located  at 


Orbiter  (Full  Scale) 

Xq  1076.68 

Yq  0 

Zq  375.00 

Balance  coefficients  were  grouped  Into  datasets  RE80$$. 
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DATA  REDUCTION  (Continued) 


Hinge  moments  and  hinge  moment  coefficients  were  computed  using  the 
following  equations: 

Elevon  hinge  moments  (Inboard  and  outboard). 

HMej  * (HM1-HM2)  (Ml/Dl)  + HMl 

HMeo  = (HM3-HM4)  (M3/D3)  + HM3 
where 


HMl  = measured  moment  on  strain  gage  1 

D1  * distance  between  gages  1 and  2,  .49335  In. 

D3  * distance  between  gages  3 and  4,  .45800  In. 

Ml  * moment  transfer  distance  for  Inboard  elevon,  .93825  In. 

M3  = moment  transfer  distance  for  outboard  elevon,  .92250  In. 

Elevon  hinge  moment  coefficients 

Inboard,  Ch^^  = H|^^  / (q  Cg) 

Outboard,  Ch^q  = Hm^^  / (q  Cg) 


Total , Cu  “ Cu  ^ Cu 
6T0T  ej  % 

Sg  * elevon  reference  area,  0.189  ft.^ 
Cg  = elevon  reference  MAC,  2.721  In. 
Body  flap  hinge  moment  coefficient 
%f  “ ^ ^bf  ^bf) 

HM^f  = measured  body  flap  hinge  moment 
S|jf  * body  flap  reference  area,  0.12834  ft.^ 
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DATA  REDUCTION  (Continued) 


C5f  = body  flap  reference  MAC,  2.541  in. 

Hinge  moment  coefficients  are  part  of  datasets  RE8X$$. 

Pressure  coefficients  for  all  r**Ddel  orifice  pressure  measurements 
were  computed  using  this  equation: 

Cp^  = (P^  - P.)/q 

where  P^  * pressure  at  model  orifice  1 
P*  ® tunnel  static  pressure 

q ® tunnel  dynamir  pressure 

Other  data  reduction  constants  Include: 

S * wing  reference  area,  2.4210  ft.^ 
c = wing  reference  chord,  14.2443  In. 
b = wing  reference  span,  28.1004  In. 

After  the  data  had  been  reduced  to  coefficient  form  by  NASA/AMES,DMS 
Interpolated  it  to  nominal  o's  and  p's.  Then  2 types  of  base  and  sting 
cavity  area  coefficients  were  calculated.  When  they  are  applied  3 types 
of  balance  coefficient  data  exists.  These  can  be  distinguished  by  the 
last  subscript  (symbolic  name)  or  postfix  (mnemonic  name).  The  key  is 
given  below 

U " uncorrected  coefficients. 

- coefficients  with  sting  cavity  pressure  corrected  to 
base  pressure  (without  a suffix). 

F “ forebody  coefficients  with  the  base  area  pressure 
corrected  to  freestream  pressure. 


DATA  REDUCTION  (Continued) 


Only  the  correction  coefficient'  associated  with  base  pressure  tapes  1 
through  4 were  applied  to  the  longitudinal  orbiter  coefficients. 

Figure  ?b  illustrates  the  base  area  associated  with  each  pressure 
tap.  Alphabetic  characters  bf  and  sc  designate  body  flap  and  sting  cavity 
areas,  respectively.  Base  area  coefficient  names  have  a numeric  character 
which  designates  the  pressure  tap  number.  Base  coefficients  for  vertical 
tail  areas  5 and  6 were  calculated  but  not  applied  to  the  total  orbiter 
coefficients.  Base  area  coefficient  values  are  tabulated  in  the  appendix. 
A detailed  derivation  of  these  coefficients  follows.  It  is  concluded  by 
a matrix  of  base  area  geometric  properties. 

The  orbiter  sting  cavity  force  and  moment  coefficients  were  computed 


as: 


sc  S 

- (Cp2  - Cp^)  A^  tan  12.55' 


'SC 


sc 


The  orbiter  force  and  moment  coefficients  corrected  for  the  differ- 
ence between  balance  cavity  pressure  and  orbiter  base  pressure: 

Ca  “ Ca  • Ca 

“ “c 

C. 


'sc 


"N 


- c« 

”u  ”sc 


= \ - 


These  orbiter  coefficients  are  part  of  datasets  KE80$$. 
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DATA  REDUCTION  (Continued) 


Orbiter  base  force  and  moment  coefficients  were  calculated  as  follows: 
Upper  base  area 

' "(Cp2  ^2u  16®)/S 

Ca2u  “(Cp2  A2y)/S 

C„,2u  = ^2u  _ %2u  hu 

c c 

Lower  base  area 

= “(Cp2  % tan  10”)/S 

Cm2^  = CA2p  - Cn2^ 

Total  base  area,  A2 

^N2  = Cfj2y  + Cn2^ 

CA2  = CA2y  + Ca2^ 

^m2  " ^m2y  ' ^m2|^ 

OMS  pod  base  area,  A3 

(This  assumes  the  surface  Is  perpendicular  to  the  orbiter  X-axis) 

^A3  ^ ”(Cp3  ^3)/$ 

Zo 

Cm3  = CA3  ~ 

OMS  pod  base  aroa,  A4 

(This  assumes  the  surface  is  perpendicular  to  the  orbiter  X-axis) 
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s 


- 


r- 


DATA  REDUCTION  (Continued) 

C/\4  "(^p4  ^4^/^ 

Cm4  = ^A4  7 

Coe'ficients  for  the  above  areas  are  grouped  into  datasets  EE80$$. 
Upper  surface  of  body  flap 


i t 


= sin  (6bf  + 6.88°) 

■fP_bf  cos  (6bf  + 6.88°) 


^Nbf 


^Abf  ^bf  ^Nbf  ^bf 
Cmbf  = — ^ 


where: 


'Pbf 


= S2OO  ^P201  * ^P204  ^205 


The  orbiter  force  and  moment  coefficients  adjusted  to  free  stream 
pressure  (forebody  coefficients) 


r - r /"^Pl  ^ ^Ai  + %f\ 

- \—r-  i = 2 ) 

CNf  = -(cn2  + CNbf) 


Cm*^  ~ Cm 


(i?2  ^ 


'm?  ■ ^mu 

These  orbiter  coefficients  are  part  of  datasets  KE80$$. 
Vertical  tail  "undercarriage"  area,  A5 

Top  Segment: 

^N5t  (^p5  Ast  tan  63.75°)/S 


P 

S' 
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DATA  REDUCTION  (Continued) 


CA5t  * * A5t)/S 

^mSt  ® ^5t  * ^N5t 

Middle  Segment: 

^NSm  ■ (Cp5  Asn,  tan  26.1426®)/$ 
^5m  * " (^p5 

^mSm  ® ^ASm  " ^5m 


Bottom  Segment: 

CN5b  * (Cp5  Asb  tan  21.94®)/S 
CA5b  * ■ (Cp5  A5b)/S 

Cm5b  “ C/^Sb  ^ " ^NSb  ^ 


Total  area,  Ag: 

Cn5  “ CNSt  ^ + C^sb 

CA5  = CA5t  + CA5m  + CA5b 

^MS  ® ^i5t  ■*’  ^5m  ”*■  ^5b 


Vertical  Tail  base  area,  Ag: 
Segment  above  rudder 
^N6u  * ^^p6  ^u  63.75®)/S 
Ca6u  “ ^^p6  ^6u)/^ 


^6u  “ ^A6u 
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DATA  REDUCTION  (Continued) 


Rudder/Speed  brake  base: 


= Cp5  Ae*^  [sin  (e-55.1667'’)  cos  55.1667" 

+ cos  (0  -55.1667'*)  sin  55.1667“  cos  (6r)]/S 


“1(61 

' Se  ^6 

[sin  (0  - 

55.1667“) 

Sin  55. 

1667" 

- cos 

(0-55.1667“) 

cos  55.1667“  cos 

(6r)]/S 

CV6, 

* Cp6  A5 

cos  (0  -55.1667“)  si 

n 4r/S 

■ 

^^6^)  “ % 

(Xe^)]/c 

(Z6,)]/b 

Cti6, 

» -[CY6 

(X6,i)]/b 

0 

= tan  ^ 

5.456791  + 

.573209  cos 

(¥)l 

3.797715  - 

.823715  cos 

ml 

^64  = \/s1n  0 


Total  area.  A,: 

D 

^Ae  “ ^A6u  * 

% ‘ %U  ^ 

^>"6  " Ku  ^ ^»W6R 
^n6  " ^n6^ 

Vertical  tail  area  coefficient  data  are  grouped  Into  datasets  6E8D$$. 


BASE  GEOMETRIC  PROPERTIES  MATRIX 


DATA  REDUCTION  (Continued) 
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NOTES:  Sting  cavity  and  Orbiter  balance  cavity  are  syncmyaious. 
NA  - not  applicable. 


data  HEOUCTION  (Continued) 


A6j  ft’ 

0 

0.0066036 

25 

0.0456000 

35 

0.0621000 

55 

0.0950800 

85 

0.1551400 

Xg^  = 15.045  + 

1.442277  [1-cos  (6sb/2)] 

Zen  = 9.755  + 

0.501827  [1-cos  (6sb/2)] 

Standard  DMS  loads  cycle  test  procedures  were  used  to  process  the 
0A148  pressure  data.  First  numerous  pressure  distribution  plots  were 
released.  Analysis  of  these  produced  bad  pressure  data  list.  This  list 
is  reproduced  below: 
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DATA  REDUCTION  (Continued) 


0A148  Bad  Pressure  Data 


Component 

Dataset 

No. 

Tap 

& 

SL 

Fuselage 

1 

143 

4 

-4 

(B) 

1 

148 

4 

-4 

1 

150 

4 

-4 

1 

152 

4 

-4 

1 

186 

4 

-4 

1 

187 

4 

-4 

1 

189 

4 

-4 

1 

191 

4 

-4 

1 

193 

4 

-4 

Lower  Wing 

1 7 

231 

ALL 

ALL 

(L) 

1 85 

290 

ALL 

ALL 

1 

316 

4 

-4 

1 

317 

4 

-4 

1 

337 

4 

-4 

1 

338 

4 

-4 

1 

358 

4 

-4 

1 

378 

4 

-4 

1 

379 

4 

-4 

1 

398 

4 

-4 

Upper  Wing 

1 -►  7 

247 

ALL 

ALL 

(U) 

1 

357 

4 

-4 

Body  Flap  (F) 

24 

205 

-4 

12 

Speed  Brake  (K) 

1 -►  85 

822 

ALL 

ALL 

Vertical  Tail 

8 

443 

ALL 

ALL 

(V) 

ALL 

1444 

ALL 

ALL 

79 

1453 

-4 

-4 

79 

1454 

-4 

-4 

Note:  Wind  tunnel  pressure  data  tabulated  in  the  appendix 
have  the  original  bad  data  values. 
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DATA  REDUCTION  (Continued) 


These  points  were  eliminated  from  further  processing.  The  remaining  data 
were  Interpolated  to  nominal  alpha  and  beta  values.  Processing  was  com- 
pleted with  the  release  of  a magnetic  tape  containing  the  final  Interpo- 
lated pressure  coefficients. 


This  report  contains  plots  ard  tabular  listings  for  both  force  and 
pressure  data.  Plotted  force  data  Illustrates  lateral-directional,  longi- 
tudinal and  hinge  moment  characteristics  of  the  configuration  tested. 
Plotted  pressure  data  illustrates  the  effect  of  several  control  deflec- 
tions and  attitude  changes  on  local  pressure  distributions.  The  multiple 
volume  appendix  contains  a tabulated  listing  of  the  basic  force  and  pres- 
sure data.  Listing  of  the  Interpolated  base  area  coefficients  Is  also 

Included.  The  plotted  and  tabulated  data  are  arranged  In  the  following 
manner: 


VOLUME 

NO. 

1 


2 


CONTENTS 

Force  data  plots  showing  lateral -directional 
longitudinal  and  hinge  moment  characteristics. 

Plots  illustrating  the  effect  of  control  surface 
deflections  on  fuselage,  wing  and  vertical  tall 
pressure  distributions. 


i 

I ‘ 
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DATA  REDUCTION  (Concluded) 


VOLUME 


NO. 

CONTENTS 

3 

Tabulated  Force  Data 

Dataset 

Data  tvoe 

RE80$$ 

source  balance  coefficients 

RE8X$$ 

source  hln^e  moment  coefficients 

RE8Y$$ 

source  base  pressure  coefficients 

KE80$$ 

Interpolated  balance  coefficients 
adjusted  for  cavity  pressure  and 
forebody  coefficients 

EE8D$$ 

FE8D$$ 

Interpolated  base  and  cavity  area 
coefficients 

GE80$$ 

Interpolated  vertical  tall  base 
area  coefficients 

Tabulated  Pressure  Data 

Component 

Fourth 

Character* 

4.  5 

orbiter  fuselage  B 

1 

6.7.8 

lower  wing 

L 

1271 

9.10.11 

upper  wing 

U 

3147 

12 

12 

upper  body  flap  F 

lower  body  flap  q 

5405 

5774 

13 

13 

speed  brake  K 

vertical  tall  V 

6143 

6547 

The  fourth  character  In  each  dataset  Identifier  (I.e.,  XE8BXX,  B for 
Fuselage)  represents  the  Individual  component.  *“ 


REFERENCES 


SD75-SH-0106,  “Pretest  Information  for  0A148  of  the  0.03-Scale 
47-0  Pressure  Loads  Space  Shuttle  Model  In  the  11  x 11  Foot  Leg 
of  the  NASA/ARC  Unitary  Plan  Wind  Tunnel,'*  April  18,  1975. 

M6-75-07-11,  Rockwell  International  Corporation  Internal  Letter: 
“ftodel  design  Dimensional  Varlficatlon  Task  36:  Elevon  Deflection 
Angle  Check  of  the  0.03-Scale  SSV  Model  47-0  (140A/B  Configuration) 
SAS/WTO/75-283,  July  29,  1975. 
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COEFfiCifNTS  IDVAR  111  iDVAR  12) 


TEST:  ^g> DATA  SET  RUN  NUMBER  COLLATION  SUMMARY 


TABLE  III 

MODEL  DIMENSIONAL  DATA 


MODEL  COMPONENT  : BODY  - 

GENERAL  DESCRIPTION  • _ ConfiguraLlon  IAQa/r  orb^tor 

Is  Identical  to  Ba,  except  underside  of  fuaeliig«>  h»»n 
refalred  to  accept 

jamSQOjS;  Q,Q3g MODEL  DRAWINCt  SS.A0Q1I.7,  1? 

DRAWING  NUMBER : _ VL7Q-QQmi.‘^B^  -nongnOj  -nnAnao^ 

VL70-000140A,  -000140B 

DIMENSIONS  i FULL  SCALE  MODEL  SCALE 


Length  Pud  Sta.  Xq  -235), In.  1293.3  38.799 

Length  (IML:  PWd  SU  X t»  12%.  3 38.709 

Mo*  Width  (0  Xq  “ 1528.3),  In.  2hL.Q  _ 7.g20 

Mo*  Depth  (0  Xq  « 1464),  In.  250.0  7.5QQ 

Fineness  Ratio  0-264 

Area  - Pt^ 

Mo*.  Cross— Sectionol 

Plonform  — — — 

Wetted  

Bose  


34 


TABLE  III  (Continued) 


MODEL  COMPONENT  : BODY  - 

GENERAL  DE!.CRIPTION  ; SCTftramMftn  UOA/B  


joryard  port..  ot.h.r,i..  i.  


WL/OHioo-jus 

DIMENSIONS  : 

Length  (IML:  FW  Sta  Xq  «238), 

FULL  SCALE 
In.  1293.3 

Ti^lPOn 

MODEL  SCALE 

38.799 

-18.709 

Mox  Width  (0  Xq  « 1528.3),  In. 

_26A.o 

7-050 

Mox  Depth  (©  Xq  » 1464),  In. 

250.0 

7>500 

Fineness  Ratio 

Q^2bL 

0.2^1 

Areo  - Pt^ 

Mox.  Cross— Sectionol 

_J4C.88 

0.3068 

Planform 

Wetted 

Base 

35 


tabu:  III  (cont'd) 


MODEL  COMPONENT  : CANOPY  ^ n 

T 


GENERAL  DESCRIPTION  : _ Ceaaa,ja.tiga_3^ 




. 

MODEL  SCALE;  0.030  MODEL  DWtl! 

0S-A00147. 

Release  12 

DRAWING  NUMBER ; VLTO-ooou-ja 

DIMENSIONS  : 

full  scale 

MODEL  SCALE 

Length  (X^«434.643  to  578),  In. 

Mex  Width  (®  Xo  - 513.127),  In. 

_152.412 

4.572 

Mox  Depth  (@  Xn»  485.0),  In. 

25.00 

0.750 

Fineness  Rotio 

Area 

Mox.  Cross-Sectional 

Plonform 

Wetted 

Bose 


TABI£  in  (Uont'a) 


MODEL  COMPONENT  KIJSVON  - 

GENERAL  DESCRIPTION  _.6«Q  In.  ?.S.  hadb  m&chlnaij  into  Rj>^  olevon. 
Flipper  doora  conterbody  nieces ^ and  ttpoeala  arc  not  a Imulatad, 
(Data  are  for  one  of  two  Bides. ) 

_MODF.L  SCAU’.;  0.030 

drawing  number  


DIMENSIONS 

FULL  SCALE 

MODEL  SCALE 

Area  - Ft^ 

210.0 

0.189 

Spon  (equivalent)  , In. 

^49.2 

10.476 

Inb’d  equivalent  chord*  In, 

118.0 

3.54 

Outb’d  equivolent  chord  , In. 

-Ii656 

Ratio  Tiovoble  surfoce  chord/ 

At  lnb*d  equiv.  chord 

0.2096 

0.2096 

At  Outbid  cquiv*  chord 

0.4004 

0.4004 

Sweep  Bock  Annies,  deorees 

Lcoding  Edge 

0.00 

0.00 

Trailing  Edge 

^ 1Q-0S6 

- 10.056 

Hingeline 

0.0 

0.0 

(Product  of  Area  & 
Aren  Monicnr  ( btgCPOtxUKkHiyxklle)  , 

c)o 

,Pta587.25 

0.0429 

Mean  Aerodynamic  Chord,  Tn. 

90.7 

2.721 
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TABLE  III  (Cont'di) 


MODEL  COMPONENT  : . BODY  FLAP  » 

GENERAL  DESCRIPTION  '•  Conflwratlon  UOA/B 


MODEL  SCALE;  0.030 

DRAWING  NUMBER  : VL70-000U0B.  -000200 


DIMENSIONS  : 

FULL  SCALE 

MODEL  SCALE 

Length  (Chord),  In. 

8A.7 

2.541 

Max  Width  , In. 

262.^08 

7.869 

Max  Depth  » In. 

23.00 

0.690 

Fineness  Ratio 

Area  - Pt^ 

Mox.  Cross->Secfionol 

Planform 

142.60 

0.128 

Wetted 

Base 

41.90 

0.0377 

^Tpi'poTifDn  • * ' * ’ ■ 

plUv 
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TABLB  III  (Cont'd) 


MODEL  COMPONENT  : QMS  POD  » 

GENERAL  DESCRIPTION  • Confl/roratlon  ILOC  orblter  QMS  pod  - abort  nnrt. 

ppatpur  j-d  to  referenced  drawings  with  1/2”  added  to  aimulAte 
TPS.  

MODEL  SCALE;  0,015 

DRAWING  NUMBER  : VL70^aA01.  -QOaLlO 


DIMENSIONS  ; 

FULL  SCALE 

MODEL  SCALE 

Lenoth  (QMS  Pwd  Sta  Xr^  «1310.5)-Iri^258.50 

7.755 

Max  Width  (@  Xq  » 1511),  In. 

136.8 

4.104 

Mox  Depth  (®  Xq  » 1511),  In. 

74.70 

2.241 

Fineness  Ratio 

2.484 

2.484 

Area  - Pt^ 

Max.  Cross-Sectionol 

58.865 

0.053 

Plan  form 

Wetted 

Bose 


OMS 


TABTJ;  III  (Cont'd) 


MODEL  COMPOMENT:  MHS  N07,liLKf^  - N, 


'2L 


GEMER/\L  DESCRIFPION: 


CQD£jjt.uratlQn  ILOA/B  orbite-,  QMS  noaglea.  


MODEL  3C3ALE;  Q^OlQ 


DRPVOTG  NUMBER; 
DIMENSIONS: 
MkCH  NO. 


Lencth  - In. 

Gimbal  Point  to  Exit  Plane 
Throat  to  Exit  Plane 

Diameter  - In. 

Exit 

Throat 

Inlet 

Area  - ft^ 

Exit 

Throat 


Gimbal  Point  (Station) 
Left  Nozzle 

Mo 


Right 


Nozzles 


XO 

ro 

20 


Null  Position  - De(i. 
Left  • Nozzle 
Pitch 

Yav 


Right 


Nozzle 

Pitch 

Yaw 


In. 


FULL  SCALE 

MODE!.-  SCALE 

1518.0 

- 88.0 

- 2,81 

492. 

14.78 

1518.0 

45.54 

50 

49^.0 

~XkM 

_11»49‘ 

15*49» 

JL2n7‘ 

12*17 • 

15U9* 

15^’ 

12*17 • 

..-4aa7» 

WBIE  III  (Cont’d) 


MODEL  COMPONENT  ..  RUDDER  - R. 

GENERAL  DESCRIPTION  Configuration  ILOC  orbiter  ruddar 
configuration  LLOA/B  rudder). 

MODEL  SCALE;  0.010 

drawing  NUMBER  VL7(MX)0146B,  -00009'j 


DIMENSIONS 

FULL  SCALE 

MODEL  SCALE 

Area  - Pt^ 

100.15 

0.090 

Spon  (equivolent)  , In* 

201.00 

6.030 

Inb’d  equivalent  chord  , In, 

91.585 

2.748 

Outb’d  equivalent  chord  > In. 

50.833 

^ 1.525 

Rotio  movable  surface  chord/ 
totol  surface  chord 

At  Inb’d  equiv.  chord 

O.AOO 

0,400 

At  Outbid  equiv.  chord 

0.400 

0.400 

Sweep  Bock  Angles,  degrees 

Leading  Edge 

_J34.83 

J4.83 

Trolling  Edge 

26.25 

26.25 

Hingeline 

-34.83 

_34.83 

(Product  of  area  & c)  ^ 
Area  Moment  MtoPtMcbiMirfvngyiMiiiiiif^ 

.^10.92 

0.016<> 

Mean  Aerodynamic  Chord,  In. 

73.2 

2.196 
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TABLE  III  (Cont'd) 


MODEL  COMPONENT:  VERTICAL  - Vg 

GENERAL  0ESCRIPTIOK:  ConflFuratlon  ILOC  orblter  vartleal  tall. 

(Identical  to  configuration  IAOA/B  vertical  tall.) 


MODEL  SCALE:  p.p-jQ 


DRAVONG  NUMBER: 
DIMENSIONS: 


-0001A6B 


TOTAL  DATA 

p 

iirea  (Ttieo)  - Ft” 

Planform 

Span  (Theo)  - In. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Sweep-Back  Angles,  Degrees, 
leading  Edge 
Trailing  Edge 
0.25  Elemont  Line 


Chords: 

R'JOt  (Theo)  ','/P 
Tip  (Theo)  ’^/P 
MAC 

Pus.  Sta.  of  .25  M/iC 
W.P.  of  .25  MAC 
B.L.  of  .25  I4AC 


Airfoil  Section 

Leading  Wedge  ;-.ngle  - Deg. 
Trailing  Vledge  Angle  - Deg. 
Leading  Edge  Radius 

Void  Area 


Blanketed  Axea 


FULL  SCALE  MODEL  SCALE 


-413-253  _ 0.372 

,...9,472 
- -Ir67?  „..3L,^7? 

-g..»SQ7  - 0.507 

0»404  O.LOL 


45.000  45.000 

26.25  26.25 

AI,13  41.13 


268.50 

.-I99«81  , 
2463*35. 


0.0 


- ,6.055 
^3.254-^ 

- 5.994— 
-43*.m 
^9^066  . 

-OmO. 


10.0  10.0 
2.0 

13.17  0.0019 

-Oifi 
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MODEL  COMPONENT:  WIN6-»W||^ 

GENERAL  DESCRIPTION:  Conflgurmtlon  L 


TABLE  III  (Conl’d) 


NOTE: 


Identical  to  except  airfoil  thleknesa.  Dihedral  angle  Is’^long 


trailing  edge  of  wine. 
MODEL  SCALE;  0,030 


TEST  N0« 
DIMENSIONS: 


DM6,  NO.  VL70-000LL0A.  -000200 
FULL»SCALE  MODEL  SCAU: 


TOTAL  DATA  , 

Area  Oneo.)  Ft* 

Planfom 
Span  (Theo  in. 

Aspect  Ratio 
Rate  of  Taper 
Taper  Ratio 

Dihedral  Angle,  degr^s 
Incidence  Angle,  degrees 
Aerodynamic  Twist,  degrees  . 

Sweep  Back  Angles,  degrees 
Leauing  Edge  ' 

Trailing  Edge 
0.25  Elemient  Line 
Chords: 

Root  CTheo)  B,P,0,0, 

Tio,  (Theo)  B.P, 

MAC 

Fus.  Sta.  of  .25  MAC 
W.P.  of  .25  MAC 
B.L.  of  .25  MAC 

EXPOSED  DATA  . o 
Area  (Vheo ) Ft^ 

Span,  (Theo)  In,  BP108 
Aspect  Ratio 
Taper  Ratio 
Chords 

Root  BP108 
Tip  1.00  b 

MAC  ^ 

Fus.  Sta.  of  .25  MAC 
W.P.  Of  .25  MAC 
B.L.  of  .25  MAC 

Airfoil  Section  (Rockwell  Mod  NASA) 
XXXX-64 

Root  b • 

t 

TJd  b - 

7 

Data  for  (1)  of  (2)  Sides 
Leading  Edge  Cuff  y 
Pian‘^orm  Area  Ft*’ 

Lead'ing  Edge  Intersects  Fus  M,  L.  6 Sta 
Le^iro  Edge  Intersects  Wing  9 Sta 
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2690.00 

936.^d 

hm 

P.ray. 

SUiSSL 


2.L21 

28.10 


2.26S 



^.SOQ 


L5.000 
~ 10.056 
35.209 

689.24 

m: 

g?9,Sg. 


45.000 

HIM 

-3AU05. 
— 6.717. 
— SJ>6k 


392.83 


fT“ 

to 

ilJl 


1.576 


16.663. 

.Juiai. 

11.785 


0.113  0.113 

0.120  0.120 


4 


CX).0 


25.0 


0.)Q? 

15.0 

jo.7ap 


Concloded. 


1 
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TABLE  V. 
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Positive  directions  of  force  coefficients 
moment  coefficients,  and  angles  are 
indicated  by  arrows 


a.  Orbiter  Axis  Systems 
Figure  1.  - Axis  systens  and  sign  conventions 


Rin'OE'R  AMP  PTOKO  BRAKR  PFl-’LECTIOHS 
(PARALLEL  TO  THE  EHL) 


.4? 


rof^atlono 

T^ot 

2P.a  ± 

^ 87.P  BS 

-35/+PO  i \o 

-n,7/4p?.5  ’WI/4ZLS 


ELEVON  PEPLECTIONS 


PARAU^  TO  THE  FRL 


5 


ELEVONS 


. Configuration  - 140A/B/C/R 


VIEW  LOOKING  AFT 


Fuselage,  Vertical  Tail,  and  '-'ing  Pressure  Tap  Locations 
Figure  2.  - Continued. 


Fuselage,  Vertical  Tall,  and  Wing  Pressure  Tap  Locations 
Figure  2.  - Continued. 


I 


1 


t^r 


h-ArSSURE  ORIFICE  LOCATION  OF  LEFT  WING  PANEL, 
2II 


215 

:,12  214  I 216 


V = 0.  235  IN  (C^OCAL  ’ 


1. 


//  / 233  234  235  236  237  238  | \ 241 

230  /232  --2^0 

231 


7,  = 0.  299  (ClocaL  > 781  in.  ) 


Yo  = 170 


mi!  249 
^ 257  259 


V ' 0.364  IN. 

(Clocal  - 615  m. ) 


26/265 

74  . 278  280 

275  276  277  V7.V/i282 


Y = 200 
o 


• /281 


Yo  = 250 


28^  '286  288  29 295 

285  * 302  293  30Q 

^^^200 J 304  306  308 

298>X>|0^30i  ,310 


296 


1?  = 0. 427  IN 

(CloCAL  " 469  ) 


Y a 315 
o 


1)  = 0. 534  IN. 
(<^*LOCAL  - IN.  ) 


325  335 


Y a 365 
o 


349^^® 

^^®358  - 362  363  - 366 


375_ 


415 


Y a 455 
o 


369  3 7 0 3 7 1 3 7 2 3 74  376 

368  .^  ,...  .373 

377  3 78  379  380-383  - ^ 


387 


WING  TIP 


7 

39ft^L^®J 

/397«PPV400 

396 


.402 


J 


Tj  = 0.  673  IN.' 
(^LOCAL  " ^ 

11  a 0.  780  IN. 
t^LoCAL  - 258  IN.  ) 

TJ  =:  0.887  IN. 
^^LOCAL  *'200  IN.) 

1}  a 0.  972  IN. 

(CloCAL-'58  in.) 

tl  a 1.00 


403 


1— EliEVONS  tt.  FUSELAGE  STA  1387 


c.  Fuselage,  Vertical  Tail,  and  Wing  Pressure  Tap  Locations 

Figure  2.  - Continued. 
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RKPnomjrTTui.rrv  ok  to, 


01 U r;'.'",;  J*o*;>K 


i: 


) .. 


PRESSURE  ORIFICE  OF  RIGHT  WING 
0.925  (CloCAL  panel 


Fuselage,  Vertical  Tail,  and  Wing  Pressure  Tap  Locations 
Figure  2.  - Concluded. 


Figure  3.  - Model  installation  photographs. 


. Three  Quarter  Rear  View  of  Model  47-0  in  t^e  ARC  11  x 11  UPMT 
Figure  3.  - Concluded. 


I 


DATA  FIGURES 

Volume  1 Plotted  force  data 

Volune  2 Plotted  pressure  data 


Tabulations  of  plotted  data  are  available  on 
request  from  Data  Management  Services 
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SIDESLIP  ANGLE.  BETA.  DEGREES 

FIG.  4 VARIATION  OF  LATERAL  DIRECTIONAL  AERODYNAMIC  CHARACTERISTICS  WITH  BETA 
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0A148  -HO  A/B/C/R  CAVITY  ADJUSTED  TO  BASE  P.  1CKE8D043 


CAMS  -MO  A/3/C/R  CAVITY  ADJUSTED  TO  BASE  P.  ICKE8004) 
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FIG.  4 VARIATION  CF  LATERAL  OIRECTIOItfi  AERODYNAMIC  CHARACTERISTICS  WITH  BETA 


SIDESLIP  ANGLE.  BETA.  DEGREES 

VARIATION  OF  LATERAL  DIRECTIONAL  AERODYNAMIC  CHARACTERISTICS  WITH  SETA 


SIDESLIP  ANGLE-  SETA.  DEGREES 

FIG.  4 VARIATION  OF  LATERAL  DIRECTIONAL  AERODYNAMIC  CHARACTERISTICS  WITH  BETA 
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FIG.  4 VARIATION  OF  LATERAL  DIRECTIONAL  AERODYNAMIC  CHARACTERISTICS  WITH  BETA 
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FIG.  6 VARIATION  OF  HINGE  MOMENT  CHARACTERISTICS  WITH  ALPHA 
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FIG.  B VARIATION  OF  HINGE  MOMENT  CHARACTERISTICS  WITH  ALPHA 
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FIG.  6 VARIATION  OF  HINGE  MOMENT  CHARACTERISTICS  WITH  ALPHA 
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FIG.  G VARIATION  OF  HINGE  HOHENT  CHARACTERISTICS  WITH  ALPHA 
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FIG.  6 VARIATION  OF  HINGE  MOMENT  CHARACTERISTICS  WITH  ALPHA 
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FIG.  6 VARIATION  OF  HINGE  MOMENT  CHARACTERISTICS  WITH  ALPHA 
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